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BLOCK COPOLYMERS FOR 
MULTIFUNCTIONAL SELF-ASSEMBLED 

SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t from co-pending US. 
Provisional application Ser. No. 60/241,561, ?led Oct. 19, 
2000, hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Colloidal particles such as nanospheres, liposomes, and 
micelles have been studied extensively for site-speci?c drug 
delivery. Generally, such particles must escape capture by 
the reticuloendothelial system (RES) of the liver and the 
great ?ltration activity of the lungs if they are to deliver 
drugs to other tissues. In recent years, survival of colloidal 
systems in the blood has been improved by the use of 
PEG-containing amhiphiles (Lasic et al., Ed. Stealth Lipo 
somes; CRC Press: Boca Raton, Fla., 1995). As a result of 
the PEG, macrophage clearance of PEG-based liposomes 
has been drastically reduced by decreasing opsonization by 
plasma proteins (Torchilin et al., Biochim. Biophys. Acta 
1994, 1195, 11420). Furthermore, a variety of ligands, such 
as antibodies, groWth factors, and cytokines, have served to 
enhance the delivery capabilities of PEG-coated liposomes, 
and it has been demonstrated that the maximal activity is 
shoWn by ligands tethered to the distal end of PEG chains 
(Blume et al., Biochim. Biophys. Acta 1993, 1149, 1804184; 
Zalipsky et al., Bioconjugate Chem. 1995, 6, 7054708; 
Zalipsky, J. Controlled Release 1996, 39, 1534161; Gabi 
zon, Bioconjugate Chem. 1999, 10, 2894298). Some ofthese 
ligands can lead to very efficient cellular uptake, such as the 
use of groWth factors, for example, ?broblast groWth factor 
to effect cellular uptake of DNA formulations. 

SUMMARY OF THE INVENTION 

Polymers With novel block structures, containing spatially 
separated hydrophobic and hydrophilic parts (hereafter 
called amphiphilic polymers), have been developed for 
applications in encapsulation of organic and inorganic mat 
ter and controlled delivery of bioactive compounds. These 
polymers are unique (a) in their preparation method, Which 
alloWs the synthesis of diblock, symmetric and asymmetric 
triblock, multiblock, star, or dendritic copolymers and the 
presence of sensitive biological materials in at least one of 
the blocks; (b) in their preparation of self-assembled struc 
tures, ranging from micelles to lamellar structures and 
vesicles (also called polymeric liposomes); and (c) in the 
possibility of degradation of the polymer itself and of the 
self-assembled structures by oxidative reactions of the 
hydrophobic blocks. These features alloW the preparation of 
carriers for bioactive lipo- or Water-soluble materials having 
the bene?ts of incorporation into such structures, including 
enhanced cellular targeting because of the presence of 
antibodies or adhesion peptides on the surface. The poly 
mers of the invention can also be prepared to contain 
hydrolytically or proteolytically unstable linkages that are 
used to trigger the release of the bioactive agents. 

The polymers of the invention may be formed in the 
presence of sensitive biological materials, because of the 
high self-selectivity of the Michael addition reaction. Thus, 
one may couple at least one preformed block to the rest of 
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2 
the macromolecular material, permitting the possibility of 
incorporation of a biological molecule as one component of 
the materials. 

In a ?rst aspect, the invention features a method for the 
preparation of multiblock copolymers, involving generating 
and purifying a polymeric thiol precursor; producing a 
polymeric thiol from the polymeric thiol precursor; and 
using the polymeric thiol Without isolation for episul?de 
ring-opening polymerization. 

In a second aspect, the invention features a method for the 
preparation of multiblock copolymers, involving generating 
and purifying a polymeric thiol precursor; producing a 
polymeric thiol from the polymeric thiol precursor; and 
using the polymeric thiol Without isolation for episul?de 
ring-opening polymerization; and exploiting the polysul?de 
terminal thiol for linking a preformed end-capping agent or 
for participation in a second polymerization step. In one 
embodiment of the above aspects of the invention, the 
multiblock copolymer consists of both hydrophilic and 
hydrophobic blocks. In another embodiment, the thiol pre 
cursor is a thioester, a dithioester, a thiocarbamate, a dithio 
carbamate, a thiocarbonate, a xanthate, or a trithiocarbonate. 
Preferably the thiol precursor is also a polyether or a block 
copolymer Where at least one of the blocks is a polyether, 
and Where the thiol precursor is functionalized at one end 
With a thioester, a dithioester, a thiocarbamate, a dithiocar 
bamate, a thiocarbonate, a xanthate, or a trithiocarbonate. In 
another preferred embodiment, the thiol precursor is func 
tionalized at the tWo ends if linear, or at every end if it is 
star-shaped or branched. In another embodiment, the thiol 
precursor includes a peptidic or saccharidic sequence. 

In other embodiments of the above aspects of the inven 
tion, the episul?de has the folloWing formula: 

LR 
R, 

where R or R' is hydrogen, or an alkyl, hydroxyalkyl, 
alkoxyalkyl, phenyl, substituted phenyl, acyl, or carboxy 
alkyl group. 

In a preferred embodiment of the second aspect of the 
invention, the end-capping agent is a polyether or a block 
copolymer Where at least one of the blocks is a polyether, 
and it is functionalized With a Michael-acceptor group or 
With a good leaving group capable of nucleophilic substi 
tution by a sulfur nucleophile. Preferably, the end-capping 
agent contains peptidic or saccharidic sequences or is a 
block copolymer containing aliphatic ester or anhydride 
groups and can undergo hydrolytical degradation. 

In other embodiments of the above aspect of the invention 
the end-capping is given by the dimerization of the polymer 
itself, upon formation of disul?de bonds at the polysul?de 
terminal thiol. 

In a third aspect, the invention features dispersions of the 
polymers of the above tWo aspects of the invention in Water. 
In one embodiment, the dispersions contain self-assembled 
aggregates in the form of spherical micelles, Worm-like or 
cylindrical micelles, or lamellar and other lyotropic struc 
tures. 

In a fourth aspect, the invention features mono- or mul 
tilamellar vesicles including the polymers of the ?rst tWo 
aspects of the invention in Water. 
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In preferred embodiments, vesicles or micelles are con 
tained Within a pharmaceutically acceptable formulation. In 
another embodiment, the vesicles or micelles contain a drug 
and are contained Within a pharmaceutically acceptable 
formulation. In yet another embodiment, the vesicles or 
micelles, in Which the block copolymer contains at least one 
block consisting of polyethylene glycol, are contained 
Within a pharmaceutically acceptable formulation. Prefer 
ably a targeting moiety is further immobiliZed on the surface 
of the vesicle contained Within a pharmaceutically accept 
able formulation. 

In still another embodiment, the vesicles or micelles 
contain heparin or a heparin-binding moiety that is further 
immobiliZed on the surface of the vesicle or micelle con 
tained Within a pharmaceutically acceptable formulation. 

In yet another embodiment, the vesicles or micelles 
contain a groWth factor that binds heparin that is further 
immobiliZed on the surface of said vesicle contained Within 
a pharmaceutically acceptable formulation. 

In a preferred embodiment of the third and fourth aspects, 
the absolute and relative siZes of the hydrophilic and hydro 
phobic blocks are experimentally optimiZed to yield vesicles 
or micelles that escape recognition by the body’s mecha 
nisms of vascular particle clearance, such as recognition in 
the reticuloendothelial system. 

In another preferred embodiment of the third and fourth 
aspects, the multiblock copolymer is responsive to pH, such 
that micelles or vesicles that are stable at pH 7.4 become 
destabiliZed at loWer pHs, including the pHs encountered 
during endosomal and lysosomal traf?cking. 

In a ?fth aspect, the invention features a protective 
environment Within a self-assembled aggregate that is pro 
vided to a drug incorporated therein. For example, many 
drugs have been abandoned because of poor stability, such 
as antisense oligonucleotides, Which, if made using normal 
DNA and RNA sequences and not chemical analogs or 
derivatives, demonstrate poor stability to DNA- and RNA 
degrading enZymes. These analogs or derivatives generally 
display poorer binding to their intracellular targets. HoW 
ever, since the micelle or vesicle serves to protect the drug 
Within the self-assembled aggregate, less stable drugs, such 
as normal DNA and normal RNA sequences, can be 
employed, rather than the less effective but more stable 
analog or derivative. This effect is the case With a number of 
drug forms. 

In a sixth aspect, the invention features other excipients 
incorporated Within a self-assembled aggregate, for example 
along With a drug to enhance the function of that drug. Such 
excipients can be membrane permeabiliZing agents, to assist 
in transport of the incorporated drug across the membranes 
of the cell. Since the physics of the hydrophobic lamellae 
formed from the hydrophobic block are very different from 
the physics of the natural phospholipid membranes of the 
cell, agents may be incorporated that Will render the cell 
membrane less stable or more permeable While not 
adversely affecting the stability or permeability of the 
micelle or vesicle. This ability to alter the permeability or 
stability of a membrane is useful, for example, in delivering 
drugs to the cytoplasm and nucleus, Where the self-as 
sembled aggregate can be designed to become less stable as 
it enters the endosome or lysosome and thus release the 
incorporated excipients, Which then favorably affect the 
permeability of the endosomal or lysosomal membrane. 
Other excipients can be included as Well, for example drug 
stabiliZers. 
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4 
In a seventh aspect, the invention features the oxidative 

degradation mechanism and products of the polymers of the 
?rst tWo aspects of the invention. 
By a “thiol precursor” is meant any compound able to 

generate thiols as initiators for the in situ polymeriZation of 
episul?des. The thiol precursor may be thioesters, 
dithioesters, xanthates, dithiocarbamides, trithiocarbonates, 
or any compound, Which, by nucleophilic attack, undergoes 
transesteri?cation or transamidation reaction; a free thiol is 
generated and then deprotonated by a base, Which can be the 
nucleophile itself or a non-nucleophilic compound, such as 
a tertiary amine (FIG. 1). All the thiol precursors are 
produced by attack of a sulphur-based nucleophile (e.g., 
sodium or potassium thioacetate, alkyl xanthate) on acti 
vated hydrophilic blocks. 
By “ring-opening anionic polymeriZation of cyclic sul 

?des” is meant a process that occurs as folloWs. The attack 
of a nucleophile on a strained cyclic structure containing at 
least one sulfur atom, and the successive opening of the ring 
is referred to as ring-opening of a cyclic sul?de. If a chain 
reaction takes place, Where every cyclic sul?de generates a 
thiolate that is a suitable nucleophile for another reaction, 
this is referred to as ring-opening polymerization of a cyclic 
sul?de (FIG. 2). Three-member, but sometimes also four 
member rings, can be used. Mixtures of different cyclic 
sul?des can also be used, adding them sequentially (block 
copolysul?de) or directly in mixture (random copolysul 
?de). 

Thiolates initiate this ring-opening polymerization much 
more effectively than alcoholates or amines and react much 
faster: in the case Where an oxygen- or nitrogen-based 
initiator is used, competition betWeen these and the growing 
chain thiolate end Will occur, causing loWer yield in the 
initiation step, higher molecular Weight and broader molecu 
lar Weight dispersity in the polymer. 
By “Michael-type reaction” is meant the 1,4 addition 

reaction of a nucleophile on a conjugate unsaturated system 
(FIG. 3). LeWis acids or appropriately designed hydrogen 
bonding species can act as catalysts. The term “conjugation” 
refers in this case to the alternation of carbon-carbon, 
carbon-heteroatom or heteroatom-heteroatom multiple 
bonds With single bonds, and not to the linking of a 
functional group to a macromolecule, such as a synthetic 
polymer or a protein. Double bonds spaced by a CH or CH2 
unit are referred to as “homoconjugated double bonds.” 

Michael-type addition to unsaturated groups can take 
place in good to quantitative yields at room temperature and 
in mild conditions With a Wide variety of nucleophiles. 
Unsaturated groups, such as vinyl sulfones or acrylamides, 
have been used to link PEG or polysaccharides to proteins 
through Michael-type reactions With amino- or mercapto 
groups; acrylates and many other unsaturated groups have 
been reacted With thiols to produce cross-linked materials 
for a variety of biological applications. 
The possibility of incorporating peptide or proteinaceous 

material is envisaged mainly in order to obtain a proteolyti 
cally degradable material or for speci?c recognition pro 
cesses Within it, but primarily by reaction With intentionally 
incorporated cysteine residues; pure protein PEGylation is 
outside of the scope of this invention. 

Sulfur nucleophiles can be used in the Michael-type 
reaction: in the case of one pot reactions, the thiolate end of 
the polymer Will react directly With the electrophile. As 
electrophiles, one can use hydrophilic blocks functionaliZed 
With reactive unsaturated groups, such as acrylates, itacon 
ates, acrylamides, itaconamides, maleimides, vinyl sulfones, 
quinones, multisubstituted quinones, fused quinones (naph 



US 7,132,475 B2 
5 

thoquinone and derivatives), vinyl pyridines and vinyl pyri 
dinium ions and more generally, any unsaturation conju 
gated With electron WithdraWing groups. Further examples 
of Michael-type reactions are given in Hubbell (U.S. appli 
cation Ser. No. 09/496,231) and Hubbell et al. (US. appli 
cation Ser. No. 09/586,937). 
By “Nucleophilic substitution reaction” is meant the 

substitution reaction of a nucleophile on an electrophile 
bearing a good leaving group. The nucleophilic reaction uses 
the thiolate end of the polymer as nucleophile. As electro 
philes, one can use hydrophilic blocks or loW molecular 
Weight compounds functionalized With good leaving groups, 
such as chlorides, bromides, iodides, tosylates, mesylates, 
tri?ates and more generally, every group that after nucleo 
philic substitution can generate a stable and non-reactive 
anion. 

The AB polymer can be isolated, if a loW molecular 
Weight end-capping agent is reacted With the thiolate end of 
the polysul?de chain; in this Way, one can produce and 
isolate a material that, in appropriate conditions, still exhib 
its a Michael-type reactivity. As an example, the end 
capping agent can be a cyclic sulfone (three-member or 
four-member ring), Which is converted to a sul?nic acid by 
nucleophilic attack. Sul?nic acid can further be used to react 
With quinone-containing species (FIG. 4). P is intended as a 
polymer structure containing the hydrophilic block (A, A' or 
C). 
By “hydrophilic block” is meant hydrophilic polymers, 

for example, poly(ethylene glycol), poly(ethylene oxide) 
co-poly(propylene oxide) di- or multiblock copolymers, 
poly(ethylene oxide), poly(vinyl alcohol), poly(ethylene-co 
vinyl alcohol), poly(vinyl pyrrolidone), poly(acrylic acid), 
poly(ethyloxazoline), poly(alkylacrylates), poly(acryla 
mide), poly(N-alkylacrylamides), polypeptide, or polysac 
charide, or poly(N,N-dialkylacrylamides), potentially bear 
ing polar, ionic, or ionizable groups in the aliphatic chains 
This is not an exhaustive list, and other hydrophilic poly 
mers can also be used. LoW molecular Weight compounds 
with sufficient hydrophilicity can be used as Well. 

All the hydrophilic blocks used for the initiation of 
episul?des ring opening polymerization must bear groups 
that can be converted to thiol precursors; for example, 
hydroxy groups can be transformed into sylate, mesylate, 
tri?ate, or other active esters and treated With a sulphur 
based nucleophile; or can be converted to allyl derivatives 
and then added to a thioacid through a free radical addition 
(FIG. 5). In the present invention, the in situ generation of 
thiols on hydrophilic blocks is provided. 
By “hydrophilic/lipophilic balance” (HLB) is meant an 

arbitrary scale from 0 to 40 depicting the amphiphilicity of 
a surfactant. Products With loW HLB are more oil soluble. 
High HLB represents good Water solubility. Generally HLB 
is a numerically calculated number based on the surfactants 
molecular structure and not a measured parameter. 
By “adhesion peptides” is meant a peptide that binds to an 

adhesion-promoting receptor. It is straightforward to incor 
porate a variety of adhesion-promoting peptides that bind to 
adhesion-promoting receptors on the surfaces of cells, such 
as the RGD sequence from ?bronectin or the YIGSR 
sequence from laminin. This can be done, for example, 
simply by mixing a cysteine-containing peptide With PEG 
diacrylate. During this step, the adhesion-promoting peptide 
becomes incorporated into one end of the PEG diacrylate; 
after puri?cation of the product, the other end then reacts 
With a thiol-terminated polymer chain. In this case the 
adhesion site is pendantly incorporated into the material. 
One can also incorporate the adhesion site directly into the 
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6 
spine of the material. For example, one can synthesize the 
adhesion peptide (e.g., using solution phase chemistry) 
directly onto a polymer, such as PEG, and include at least 
one thiol (e.g., cysteine) per chain end and perform the same 
operation described above. Alternatively, one can include 
tWo or more thiols (e.g., cysteine) in the adhesion peptide or 
protein and let one react With PEG acrylate and the second 
initiate the episul?des polymerization. Alternatively, one 
can attach an adhesion peptide to the surface of a preformed 
self-assembled aggregate, such as the surface of a preformed 
micelle or vesicle. For example, the copolymer can be 
end-capped With a Michael acceptor, such as those groups 
described above. This end-capping can be readily accom 
plished by reacting the thiol-containing AB block copolymer 
With an excess of a PEG diacrylate to yield an ABA' 
copolymer that is terminally functionalized With an acrylate 
group. Micelles or vesicles can be formed from this material. 
A peptide containing a free cysteine can be dissolved in a 
suspension of these micelles or vesicles and the pH adjusted 
to a range Where a Michael-type addition betWeen the 
self-assembled aggregate-bound acrylate reacts With the free 
thiol on the adhesion peptide. 
By “proteolytically degradable” is meant containing a 

substrate for plasmin, elastase, or matrix metalloproteinases 
(MMPs), such as collagenase, that can be introduced in the 
hydrophilic block main chain; the degradation characteris 
tics of the polymer and of the carrier can be manipulated by 
changing the details of the peptide. One may make a 
material that is degradable by collagenase, but not plasmin, 
or by plasmin, but not collagenase. Furthermore, it is pos 
sible to make the material degrade faster or sloWer in 
response to such an enzyme, simply by changing the amino 
acid sequence so as to alter the Km and kcat of the enzymatic 
reaction. The peptide degradation can in?uence the carrier 
behavior and the eventual release of active substances: if the 
protease site is incorporated in a Way that its cleavage causes 
a big change in the hydrophilic/lipophilic balance of the 
amphiphilic polymer, proteolysis Will determine structural 
changes in the carrier, e.g., liposome collapse, and so boost 
the release. Alternatively, the protease site could be directly 
linked to the pharmacologically active group; enzymatic 
hydrolysis Will directly free it. 
By “targeting moiety” is meant any biological recognition 

ligand attached to the self-assembled aggregate, such as a 
micelle or vesicle, that enhances binding of the aggregate at 
a particular site in the body. Targeting moieties include a 
groWth-factor receptor-binding moiety, a cell-surface recep 
tor-binding moiety, a DNA-binding moiety, an RNA-bind 
ing moiety, adhesion peptides, adhesion-promoting 
branched saccharides, such as the sialyl LeWis X and related 
structures of selectin binding, combinatorially-discovered 
peptides, peptidomimetics, saccharides, saccharides and 
peptides that bind to an adhesion-promoting receptor, 
organic ligands, groWth factors, groWth factor binding sites, 
antibodies, antibody fragments, single chain antibodies, 
DNA and RNA sequences, nuclear localization sequences, 
pathogen mimetics, heparin and proteoglycan-binding pep 
tides and ligands, for example. Further examples of targeting 
moieties are given in Hubbell (US. application Ser. No. 
09/496,231) and Hubbell et al. (U.S. application Ser. No. 
09/586,937). 
By “groWth factor binding sites” is meant heparin-binding 

peptides employed to bind heparin that are, in turn, 
employed to bind heparin-binding groWth factors, such as 
aFGF, bFGF, VEGF, BMP or TGF. As such, if the heparin 
binding groWth factor and heparin are mixed With the block 
copolymer functionalized With heparin-binding peptide (for 
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example, as described in the adhesion sites section), the 
resulting material Will slowly release the growth factor; if 
the peptide presents a proteolytically cleavable sequence, 
the carrier Will hold most of it until an enzymatic event 
releases the growth factor by degradation of the polymer 
chain. This enzymatic release is one of the natural functions 
of the extracellular matrix in vivo, to serve as a depot for 
groWth factors Which become released in injury by local 
cellular activity. Another related Way to sequester heparin 
binding groWth factors is more directly through the use of 
covalently incorporated heparin mimics, e.g., peptides With 
negatively charged side chains that directly bind groWth 
factors. GroWth factors bound to self-assembled aggregates 
such as micelles and vesicles may be useful as targeting 
moieties. 

Other features and advantages Will be apparent from the 
folloWing detailed description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of thiol precursors. In 
this ?gure, R' and R":H, alkyl, R:hydrophilic block, 
Nurprimary or secondary amine, or alcoholate, and Base:a 
primary, secondary, or tertiary amine, or alcoholate, or 
inorganic bases. 

FIG. 2 is a schematic representation of an example of 
ring-opening anionic polymerization of cyclic sul?des. In 
this ?gure, R, R', R":H, alkyl, hydroxyalkyl, alkoxyalkyl, 
phenyl, substituted phenyl, acyl, or carboxyalky. 

FIG. 3 is a schematic representation of a Michael-type 
reaction. 

FIG. 4 is a schematic representation of hoW an AB 
polymer can be isolated if an end-capping agent is reacted 
With thiolate end of the polysul?de chain. In this Way, one 
can produce and isolate a material that, in appropriate 
conditions, still exhibits a Michael-type reactivity. 

FIG. 5 is a schematic representation of groups on hydro 
philic blocks that may be used for the initiation of episul?des 
ring opening polymerization. 

FIG. 6 is a schematic representation of the degradation of 
the self-assembled carriers of the present invention. 

FIGS. 7A and 7B are TEMs of Worm-like micellar struc 
tures of the present invention. 

FIG. 8 is a crossed polarized light optical microscopy 
image (10x magni?cation) of a 50% Wt. mixture of a 
triblock copolymer made of propylene sul?de and ethylene 
glycol and Water. 

FIGS. 9A, 9B, and 9C are pictures obtained by freeze 
fracture TEMs of vesicles formed from a triblock copolymer 
made of propylene sul?de and ethylene glycol. 

FIG. 10 is a photograph of a model compound encapsu 
lated Within vesicles; the vesicles are contained in a dialysis 
tube and the model compound does not diffuse out of the 
membrane, demonstrating encapsulation. 

FIGS. 11A, 11B and 11C are light micrographs of cells 
(HFFs), treated (A) With vesicles containing an encapsulated 
model drug (AS-bFGF), (B) With non-encapsulated model 
drug, or (C) saline vehicle, each after 4 days culture fol 
loWing treatment. 

FIG. 12 is a graph shoWing the time dependence of the 
turbidity exhibited by a vesicular suspension of a triblock 
copolymer made of propylene sul?de and ethylene glycol in 
oxidizing environment (10% Wt. H2O2). 

FIG. 13 is a schematic representation of examples of 
pH-sensitive vesicles; the black spheres represent groups, 
eg imidazoles, Which after protonation increase their 
hydrodynamic volume and their charge, giving rise to self 
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8 
repulsion forces and to higher osmotic pressure. The ?nal 
aggregates are supposed to shoW a micellar structure, but 
also bigger colloidal particles or other aggregates can be 
formed. 

FIG. 13A illustrates pH sensitivity by pH-responsive 
moieties close to the hydrophobic block, in the case that both 
pH change di?‘uses into the internal cavity or not. 

FIG. 13B illustrates pH sensitivity by pH-responsive 
moieties Within the hydrophobic block, and 

FIG. 13C illustrates pH sensitivity by pH-responsive 
moieties terminally attached in sequence to the hydrophilic 
block, in the case that both pH change di?‘uses into the 
internal cavity or not. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The Chemical Reactions Used for Block Copolymer Syn 
thesis 
A novel scheme for the one-pot (single vessel) synthesis 

of block copolymers has been developed; hereafter the 
preparation method of symmetric (ABA or AB-S-S-BA) or 
asymmetric (ABC, or ABA' if the third block is physically, 
but not chemically different) block copolymers is described. 
These copolymers can contain reactive groups in one or both 
hydrophilic groups and in the last case, the tWo reactive 
groups can be of different nature (designated * and #), to 
yield for example ABA*, #ABA*, *AB-S-S-BA’I‘, ABC*, or 
#ABC*. The possibility to form complex block structures, 
the tolerance to a variety of functional groups (due to the 
presence of thiolates as propagating species), the exploita 
tion of the thiolate end for Michael-type addition, nucleo 
philic substitution and disul?de bond reactivity, and the use 
of a thiol precursor differentiate the present polymerization 
scheme from the only literature report on the synthesis of 
block copolymers containing polysul?de and polyether 
blocks (Inoue et al., Macromolecules 1990, 23, 3887*3892 
and 1991, 24, 3970*3972), Which made use of thiolate 
initiated photopolymerization of epoxides for yielding BA 
copolymers. 

Structure of the A Block: 
Polyethylene glycol (PEG) provides a very convenient 

building block for the hydrophilic parts (A, A', C), but also 
other polymers can be used, such as end-functionalized 
poly(N-vinyl pyrrolidone) (PNVP), poly(acrylamide) 
(PAM), poly(N-alkyl or N,N-dialkylacrylamides), and poly 
(acrylates) containing hydrophilic and ionizable groups (a 
more comprehensive description folloWs). 

Peptidic sequences can be contained in one of the hydro 
philic blocks, or indeed can be of one of the hydrophilic 
blocks, and can be used to modify the functionality and the 
behavior of the self-assembled carriers; for example, pro 
teolytically degradable sequences can in?uence the carrier 
stability in the presence of enzymes, With an enzymatically 
triggered release of a carried drug. 

Structure of the B block: 
Poly(alkylene sul?des) provide a convenient building 

block for the B block, because of their high hydrophobicity 
and loW glass transition temperature relative to the Working 
temperature. A loW value of glass transition temperature is 
necessary for the mobility and membrane-forming ability of 
the polymer chains; preferred values are those below —200 
C. Propylene sul?de, cyclohexene sul?de, and any other 
episul?de derived from terminal or internal double bonds 
can be used for the preparation of homopolymeric or block 
or random-copolymeric hydrophobic blocks. Amorphous 
















